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The  recent  observation  that  acid  fuchsin  possesses  a  selective 
power  1 which is  in  many respects  the  opposite  of that of gentian 
violet suggested the advisability of studying the behavior of mixtures 
of dyes; and the data here presented are the result of that study. 
Since the time of Ehrlich, workers in the chemotherapeutic  field have 
been  largely  concerned with  efforts  to  improve  antibacterial  and 
antiprotozoal substances by chemical manipulation of the molecule. 
The observations with acid fuchsin and gentian violet raised the ques- 
tion whether the same end might not be reached in a different  way. 
Might it not be possible by mixing dyes of opposite selective capacities 
to fortify the weakness of one with the strength of another and thus to 
obtain a mixture which, in dilutions weaker than that in which either 
dye alone was effective, would be st~ .ic for the majority of the com- 
moner bacteria?  This question has been answered in the affirmative. 
It has been found possible  to mix two dyes, each of which has been 
used with a certain success in the treatment of infection, and to obtain 
a mixture which combines the selective capacities of its components. 
Complementary  Selective Bacteriostasis. 
If a Gram-negative organism like Bacillus prodigiosus  and a Gram- 
positive spore bearer like Bacillus antkracis  be stained with gentian 
violet the former is unaffected and the latter readily killed.  If the 
experiment be repeated with acid fuchsin the opposite occurs: Bacillus 
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prodigiosus  is killed and Bacillus anthracis  unaffected.  These experi- 
ments have previously been reported in full  1 and the type of selection 
exhibited by gentian violet has been referred to as normal selective 
bacteriostasis,  that  exhibited  by  acid  fuchsin  as  reverse  selective 
bacteriostasis. 
It these two dyes of opposite selective capacities were combined two 
possibilities as  to what would occur were presented.  Either  a  new 
substance might be formed possessing none of the characteristics of the 
components, or a mixture might result which combined their selective 
features.  But it proved, on trial, impossible to mix gentian violet and 
acid fuchsin, for the former was precipitated by contact with the latter. 
Other  mixtures  had,  therefore,  to  be  sought.  It  was  found  that 
neutral acriflavine possessed a  reverse selective bacteriostatic power 
just as acid fuchsin does.  If the experiment described above to test 
the selective effect of acid fuchsin on Bacillus prodigiosus and Bacillus 
anthracis  be repeated with acriflavine a  similar result is obtained; to 
this dye,  too,  the  Gram-negative Bacillus prodigiosus is much more 
susceptible than the  Gram-positive spore-bearing Bacillus anthracis. 
These  two dyes,  gentian violet and  acriflavine,  will mix,  and the 
resultant mixture combines the selective virtues of its components. 
It  is possible  to demonstrate  this  fact in clear-cut  experiments,  as 
illustrated by Figs.  1 to 3.  First,  the effect of gentian violet alone, 
acTiflavine alone, and a mixture of the two dyes is tested on the Gram- 
negative Bacillus pyocyaneus (Fig.  1).  It is seen that gentian violet 
has no effect on this organism (Fig.  1, a),  that acriflavine inhibits it 
markedly (Fig. 1, b), and that the mixture kills it completely (Fig. 1, c). 
The  experiment is repeated  with  Bacillus  anthracis  (Fig.  2).  This 
organism is killed by the gentian violet (Fig. 2, a), unaffected by acri- 
flavine (Fig. 2, b), and killed by the mixture (Fig. 2, c). 
A similar experiment is then done with a suspension containing both 
organisms, Bacillus pyocyaneus  and Bacillus anthracis  (Fig. 3).  This 
mixed suspension is exposed first to gentian violet; Bacillus anthracis is 
killed and  a  pure culture of Bacillus pyocyaneus results  (Fig. 3,  a). 
The suspension is next exposed to acriflavine;  Bacillus pyocyaneus is 
killed and a pure culture of Bacillus anthracis results (Fig. 3, b).  The 
suspension is finally exposed to a mixture of the two dyes; both organ- 
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and  these in the strokes made after short exposure to  the mixture 
(Fig. 3, c). 
It is clear, from the experiments just described, that gentian violet 
in a strength sufficient to kill Bacillus anthracis may be without effect 
on Bacillus pyocyaneus and that acriflavine in a strength sufficient to 
kill Bacillus pyocyaneus may be without effect on Bacillus anthracis. 
It is also clear that when these two dyes are mixed both organisms are 
killed by exposure to  the mixture.  The experiments establish  the 
principle of complementary selective bacteriostasls;  they show that 
certain dyes which possess  opposite types of selective bacteriostatic 
power may be mixed together and that  the  resulting mixture may 
possess  both  types. 
Supplementary Selective Bacterlostasis. 
While it is evident from what has been said that gentian violet and 
acriflavine  in  mixture  aid  each  other  in  complementary fashion, 
it is necessary to determine whether they interfere with, or aid each 
other in the action of each dye on the organism for which it has a 
selective affinity.  In other words, it is still to be ascertained whether 
the gentian violet interferes with, and weakens the action of acriflavine 
on Bacillus pyocyaneus  and whether acriflavine interferes with  the 
action  of gentian  violet on Bacillus anthracis.  Bacillus pyocyaneus 
was  stained deeply with  gentian  violet  and  then exposed  to  acri- 
flavine.  It was found that dilutions of acriflavine which were entirely 
without effect on unstained organisms readily killed organisms which 
had been stained with gentian violet.  Gentian violet had prepared 
the  way for  acriflavine,  lessened" its  task,  supplemented its  work. 
There was, in other words, a supplementary selective bacteriostasis. 
Two experiments which demonstrate supplementary  selective bac- 
teriostasis ar~ shown in Fig. 4.  The organism used was Bacillus pyocy- 
aneus.  On each plate four strokes were made.  Stroke A was made 
with organisms which had been exposed to weak acriflavine; growth 
has been slightly, if at all, impaired.  Stroke B was made with organ- 
isms which had been exposed to gentian violet for 1 hour; the dye was 
apparently without effect.  Strokes C and D were made with organ- 
isms which had been exposed first to  gentian violet for 1  hour (like 
the organisms in Stroke B) and then to the same dilution of acriflavine BACTERIOSTASIS  BY  MIXTURE  0~'  DYES 
that was used for Stroke A.  No growth whatever has occurred on 
the second plate  (Fig.  4,  b)  and only a  few scattered  colonies have 
appeared  on  the  first  (Fig.  4,  a).  In  other  words,  a  strength  of 
acriflavine incapable of killing Bacillus pyocyaneus (Stroke A) became 
definitely bactericidal when applied to organisms (Strokes C  and D) 
which had been previously stained with gentian violet,  though  the 
gentian violet alone had been without effect (Stroke B).  These two 
dyes, therefore, reinforce each other; in a  mixture, so far from inter- 
fering with, they supplement each other. 
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TEXT-FIO. 1, a  to e.  (a)  and  (b).  Complementary  selective  bacteriostasis. 
Gentian violet in a dilution lethal for Gram-positives injures somewhat the Gram- 
negatives  (a), just as acriflavine in a dilution lethal for Gram-negatives slightly 
injures  Gram-positives (b).  If the two dyes are mixed the result may be repre- 
sented by superposing (a) on (b); i.e., both organisms are killed (c). 
(d)  and  (e).  Supplementary selective bacteriostasis.  A  dilution of gentian 
violet sublethal for Gram-positives injures very slightly Gram-negatives (d), just 
as a dilution of acriflavine sublethal for Gram-negatives injures very slightly Gram- 
positives (e).  If the two dyes in these sublethal doses be mixed the result may be 
represented by superposing (d) on (e); i. e., both organisms are killed (c). JOHN W.  CHURCHMAN  5 
The facts concerning complementary and supplementary selective 
bacteriostasis are diagrammatically shown in Text-fig.  1.  Text-fig. 
1, a and b represents the facts when gentian violet is used in a strength 
sufficient to  kill  the  Gram-positive organisms  and  acriflavine in a 
strength sufficient to kill the Gram-negative organisms.  Death of the 
organisms is indicated by the broad black band, which with gentian 
violet completely superimposes the  Gram-positive and  in  the case 
of acriflavine completely superimposes the  Gram-negative.  In this 
strength the gentian violet  slightly injures  the  Gram-negative and 
the acrifiavine slightly injures the  Gram-positive  (indicated  by  the 
partially superimposing black band), an injury which would not be 
manifest if  the  organisms were  planted  on  plain  agar  since  they 
would grow luxuriantly.  If  the two dyes in this strength be mixed 
the  effect of  the  mixture would be  represented  by  superimposing 
Text-fig. 1, a  on Text-fig.  1, b, and Text-fig. 1, c would result.  This 
is complementary bacteriostasis. 
If we repeat the experiments with weaker dilutions, which alone are 
inadequate to kill either organism, the result is as shown in Text-fig. 1, 
c and d.  Gentian violet in this strength has a  marked effect on the 
Gram-positive, though it does not kill it, and a very slight effect on the 
Gram-negative; acriflavine has a marked effect on the Gram-negative, 
though it does not kill it, and a very slight effect on the Gram-posltive. 
Neither dye alone kills either organism and the fact that any injury 
has been done will not be appreciated by the usual cultural experi- 
ments since both will grow well after exposure to either dye in this 
strength.  Yet if we expose the organisms to a mixture of the two dyes 
in this strength the result is as if Text-fig. 1, a and Text-fig. 1, b were 
superposed; Text-fig. 1, c again results.  The slight effect of acriflavine 
on the Gram-positive organism, supplementing the marked, but not 
bactericidal, effect of gentian violet, causes its death; and the slight 
effect of gentian violet on the Gram-negative one, supplementing the 
marked, but not lethal,  effect of acriflavine,  causes its  death also. 
Both organisms are killed by the mixture though neither was killed 
by either dye alone.  This is supplementary selective bacteriostasis. 
In this study Bacillus pyocyaneus was chosen as one experimental 
organism because previous studies had shown it to be highly resistant 
to  gentian  violet  though  susceptible  to  acriflavine;  and  Bacillus BACTERIOSTASIS BY  M_IXTU1R.E OF  DYES 
anthracis was chosen as the other because the same studies had shown 
it to be much more susceptible  to gentian violet than  to  acriflavine. 
There is every reason for supposing that organisms lying between these 
extremes of resistance and susceptibility will also be more susceptible 
to the mixture of these two dyes than to either dye alone. 
If the two dyes, gentian violet and acriflavine, be mixed together 
in equal quantities in a mortar and dissolved in water in a strength of 
1 : 2,000 of the mixture, a plum-colored solution results.  This solution 
is  absolutely  non-irritant  for  inflamed  human  mucous  membranes 
(urethral).  In laboratory experiments it is bacteriostatic  for all the 
common aerobic organisms.  From the clinical tests on a small series 
of genitourinary infections to which the  mixture has been subjected 
it seems probable that greater success can be obtained from it than from 
either dye alone.  In any event the way has been opened for a new line 
of attack on the problem of local treatment of infection by selective 
substances. 
SUMMARY. 
It is possible  to mix two dyes of opposite  selective bacteriostatic 
powers and obtain a  mixture which combines the  powers of the two 
components.  This  possibility has  been  established  by  experiments 
with a  mixture of gentian violet, which has a  predilection for Gram- 
positive  organisms,  and  acriflavine,  which  has  a  predilection  for 
Gram-negatives; a  mixture of these two dyes is quite bactericidal for 
both groups of bacteria.  The weakness of each dye, when used alone, 
is thus, in the mixture, fortified by the strength of the other. 
EXPLANATION OF PLATES. 
PLATE I. 
FIG. I, a to c.  The effect of gentian violet (a),  neutral acriflavine (b), and a 
mixture of these two dyes (c), on B.  pyocya~us.  Strokes made after exposure 
of the organisms for 15 minutes (1), 30 minutes (2), 45 minutes (3), and I hour (4). 
The organism is unaffected by gentian violet, greatly injured or killed by acri- 
flavine, and killed by a mixture of the two dyes.  Note that the result in (a) and 
(b) is the reverse of the result in (a) and (b) Fig. 2. 
FIG. 2, a to c.  The effect of gentian violet  (a),  neutral acriflavine (b), and a 
mixture of these two dyes (c), on B. anthra~is.  Strokes made after exposure of the 
organisms for 15 minutes (1), 30 minutes (2), 45 minutes (3), and 1 hour (4).  The ~OHN W.  CHURCHMAN 
organism is killed by gentian violet,  unaffected by acriflavine,  and killed by a 
mixture of the two dyes.  Note that the result in (a) and (b) is the reverse of that 
in (a) and (b) Fig. 1. 
PLATE 2. 
FIG. 3, a to c.  The effect of gentian  violet  (a),  neutral  acriflavine  (b), and a 
mixture of these two dyes  (c),  on a  mixed suspension of B. pyocyaneus  and B. 
anthracis.  Strokes  made  after  exposure of the  suspension for 15  minutes  (1), 
30 minutes (2), 45 minutes (3), and 1 hour (4).  In (a) B. anthracis has been killed 
by the gentian violet and a pure culture of B. pyocyaneus results; in (b) B. pyocy- 
aneus has been killed by the acriflavine and a pure culture of B. anthracis  results; 
in (c) both organisms have been killed by the mixture of dyes. 
FIG. 4, a and b.  Two  experiments  showing  that  acriflavine  in  a  strength 
insufficient,  when used alone, to kill B. pyocyaneus will kill this organism if it has 
been previously stained with  gentian violet.  A,  organisms which have  been ex- 
posed to acriflavine; B,  organisms which have been exposed to gentian violet; 
C and D, organisms which have been exposed first to gentian violet  and then to 
acriflavine. THE  JOURNAL OF  EXPERIMENTAL  MEDICINE  VOL.  XXXVIII.  PLATEI 
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